JEuropaisches Patentamt 
European Patent Office 

Office europeen des brevets ^-^ £p "j 293 246 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) lnt C | 7: B01J 8/00, B01J 8/02, 

02.07.2003 Bulletin 2003/27 B01J 8/04, B01J 8/26, 

(43)Date 0 fp Ubl icationA2: B01 D 39/20, C1 0G 49/00 
19.03.2003 Bulletin 2003/12 



(21) Application number: 02026959.3 



(22) Date of filing: 16.07.1998 



(84) Designated Contracting States: 


(72) Inventor: Glover, John N. 


BE DE FR GB IT NL 


Texas 77379 (US) 


(30) Priority: 18.07.1997 US 52969 


(74) Representative: Brown, David Leslie et al 




Haseltine Lake, 


(62) Document number(s) of the earlier application(s) in 


Imperial House, 


accordance with Art. 76 EPC: 


15-19 Kingsway 


98934597.0 / 1 001 837 


London WC2B 6UD (GB) 


(71) Applicant: Crystaphase International Inc. 




Houston, TX 77060 (US) 





(54) Flow distribution method for chemical reactors 



(57) A method of fluid distribution in a chemical re- 
actor is provided. A layer of reticulated ceramic material 
is provided in the chemical reactor, the reticulated ce- 
ramic material having a plurality of web members defin- 
ing a plurality of flow passageways through the reticu- 
lated ceramic material. An organic-based liquid, organ- 
ic-based vapour or organic-based combination liquid 



and vapour feed stream is contacted with the layer of 
reticulated ceramic material, and the feed stream is sub- 
divided into a plurality of smaller fluid streams by pass- 
ing the feed stream through the plurality of flow pas- 
sageways defined by the web members of the reticulat- 
ed ceramic material. 



1 



EP 1 293 246 A2 



Description 

RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Pro- 
visional Application No. 60/052,969, filed July 1 8, 1 997. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

[0002] The invention relates to a method of providing 
filtration of solids from organic-based feed streams to 
chemical reactors. In another aspect, this invention re- 
lates to a method for providing flow distribution of organ- 
ic-based feed streams to chemical reactors. More par- 
ticularly, the invention relates to a method for filtering 
solids and providing liquid distribution for organic-based 
feed streams that are subsequently processed in chem- 
ical reactors having discrete solid element catalyst bed 
(s). In another aspect, the invention is directed toward 
distributing inlet air or vapors, particularly for fluidized 
bed reactors. A further aspect of the invention relates to 
a method for partially reacting polymer precursors in or- 
ganic-based feed streams to chemical reactors to re- 
duce fouling of the solid element catalyst bed(s). 

2. Description Of Related Art 

[0003] Typically chemical reactor beds include dis- 
crete solid catalyst particles contained in one or more 
fixed beds. Often these beds are supported, or retained, 
at their inlet and/or outlet by materials which are inert to 
the reaction. These inert materials may trap all or some 
solid contaminants such as dirt, iron oxide, iron sulfide, 
asphaltenes, coke fines, catalyst fines, sediments or 
other entrained foreign particulate material in the reactor 
feed stream. The trapping of the contaminants is to pre- 
vent undesirable material from plugging, poisoning or 
otherwise deactivating the catalyst bed. The inert mate- 
rials, or inerts, traditionally used are typically made of 
conventional ceramic materials in the form of pellets or 
spheres and typically must be resistant to crushing, high 
temperatures and/or high pressures. In addition, these 
materials may facilitate distribution of the feed stream 
across the catalyst bed in such a manner to reduce 
channeling through the catalyst bed. 
[0004] To increase the efficiency of the inerts, gradu- 
ated layers of inerts in different sizes and shapes along 
with perforated discs, or screen baskets, have been 
used to retard the surface of a catalyst bed from becom- 
ing plugged with contaminants such as dirt, iron oxide, 
iron sulfide, asphaltenes, coke fines, catalyst fines, sed- 
iments, or other entrained foreign particulate material. 
Skimming, or removal, of the top portion of the catalyst 
is required when the filtering capacity of the inerts is ex- 
hausted resulting in the catalyst itself being used as a 
filter. In addition to catalyst fouling by particulate matter 



in the organic-based stream, polymerization of polymer 
precursors, e.g., diolefins, found in the organic-based 
feed stream may also foul the catalyst. In particular, two 
mechanisms of polymerization, free radical polymeriza- 
s tion and condensation-type polymerization, may cause 
catalyst bed fouling, gumming or plugging. The addition 
of antioxidants to control free radical polymerization has 
been found useful where the organic-based feed stream 
has encountered oxygen. Condensation polymerization 

10 of diolefins typically occurs after the organic-based feed 
is heated. Therefore, filtering prior to the organic-based 
feed stream entering the reactor may not be helpful to 
remove these foulants as the polymerization reactions 
generally take place in the reactors. 

15 [0005] It is highly desirable to increase the efficiency 
of the inert bed filtration and to control the rate of reac- 
tion of the diolefins or other polymer precursors. Thus, 
the development of a method of filtration that increases 
the efficiency of the filtering of the contaminated feed 

20 stream may also reduce the volume of inerts required 
to protect the catalyst bed from solid deposition, as well 
as reduce the pressure drop associated with plugging. 
The method of the present invention for filtration and 
flow distribution for chemical reactors, when compared 

25 with previously proposed prior art methods, has the ad- 
vantages of: providing more efficient filtering; increasing 
catalyst life; decreasing catalyst losses; and reducing 
the need to take the reactor off-line for maintenance 
when removal or replacement of the inert material or any 

so catalyst that is plugged is required. These benefits may 
result in both capital and operating savings. 
[0006] Disadvantages associated with current liquid 
distribution designs and methods in fixed bed chemical 
reactors may result in poor liquid distribution to the cat- 

35 alyst bed. Partial plugging of the catalyst bed with con- 
taminants, or gumming by reactive diolefins or other pol- 
ymer precursors, may also cause maldistribution. The 
maldistribution may result in channeling and corre- 
sponding bypassing of portions of the catalyst bed, re- 

40 ducing the catalyst efficiency. Usually a maldistribution 
problem is evidenced by radial temperature differences. 
Therefore, the art has sought a flow distribution method 
that may spread the liquid more uniformly through the 
catalyst bed, provide efficient filtering and reduce fouling 

is caused by undesired polymerization reactions. 

[0007] Accordingly, prior to the development of the 
present invention, there has been no method for filtering 
and/ordistributing organic-based feed streams to chem- 
ical reactors which: may capture a mixture of large and 

so small contaminants without plugging or blinding; does 
not cause relatively large pressure drops across the fil- 
tering and/or distribution media; does not require exces- 
sive capital and operating costs; and does not cause 
process safety and environmental concerns arising from 

55 maintenance required shutdowns and start-ups. There- 
fore, the art has sought a method for extending the run 
life of catalyst beds by filtering and distributing organic- 
based feed streams to chemical reactors which: does 
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not require excessive amounts of catalyst; does not re- 
quire the use of relatively large amounts of inert mate- 
rial; does not cause relatively large pressure drops 
across the bed; does not require relatively large capacity 
circulation pumps or compressors; and does not cause 
process safety and environmental concerns arising from 
reactor shutdowns and start-ups. 

SUMMARY OF INVENTION 

[0008] In accordance with the invention, the foregoing 
advantages have been achieved through the present 
method of filtering and distributing an organic-based 
feed for chemical reactors. The present invention for re- 
moving contaminants from an organic-based feed 
stream may include the steps of providing a layer of re- 
ticulated ceramic material in a chemical reactor, the lay- 
er of reticulated ceramic material being in an amount 
sufficient to filter some or all of the contaminants from 
the organic-based feed stream; and passing the organ- 
ic-based feed stream through the layer of reticulated ce- 
ramic material. The reticulated ceramic material may be 
made from any commercially available materials, for ex- 
ample, ZTA. The ZTA may have a product composition 
of Zr0 2 /Al 2 0 3 and is available from SELEE Corporation 
headquartered in Hendersonville, North Carolina. The 
organic-based feed stream may be an organic-based 
liquid, a vapor phase, or both, and the contaminants 
may include dirt, iron oxide, iron sulfide, asphaltenes, 
coke fines, catalyst fines, sediments or other entrained 
foreign particulate matter, or polymer precursors such 
as diolefins. The reticulated ceramic material should be 
provided in a layer in an amount sufficient to remove 
some or all of the contaminants from the organic-based 
feed stream. Another feature of the present invention for 
removing contaminants from a contaminated organic- 
based feed stream in a chemical reactor includes the 
steps of providing a layer of reticulated ceramic material 
in the chemical reactor and contacting the contaminated 
organic-based feed stream with the reticulated ceramic 
material to remove the contaminants from the contami- 
nated organic-based feed stream. Another feature of the 
present invention may include the step of providing a 
decontaminated organic-based feed stream for further 
processing. 

[0009] More particularly, the invention relates to a 
process for improving feed quality of organic-based feed 
streams to chemical reactors. Preferably, the chemical 
reactors use discrete solid element catalyst beds. The 
chemical reactors may include hydrotreater, hydrorefin- 
er, hydrocracker, reformer, alkylation, isomerization, 
and polymerization reactors. The discrete solid catalyst 
particles may be contained in one or more fixed beds 
and in either an upflow, downflow or radial flow design. 
[0010] In accordance with another aspect of the 
present invention, the present method of flow distribu- 
tion in a chemical reactor includes the steps of: providing 
a layer of reticulated ceramic material in the chemical 



reactor, the reticulated ceramic material having a plural- 
ity of web members defining a plurality of flow passage- 
ways through the reticulated ceramic material; contact- 
ing an organic-based feed stream with the layer of re- 
s ticulated ceramic material; and subdividing the organic- 
based feed stream into a plurality of smaller fluid 
streams by passing the organic-based feed stream 
through the plurality of flow passageways defined by the 
web members of the reticulated ceramic material. A fur- 

'0 ther feature of this aspect of the present invention may 
include the steps of removing contaminants from a con- 
taminated organic-based feed stream; and providing a 
decontaminated and uniformly spread organic-based 
feed stream to a catalyst bed for further processing in 

'5 the chemical reactor. 

[0011] An additional feature of the present invention 
may include the step of using reticulated ceramics in a 
variety of shapes and porosities. The shapes may in- 
clude substantially spherical-shaped balls, raschig 

20 rings, saddles, hollow cylinders, perforated disks, disks, 
single sheets, and solid cylinders, among others. Each 
shape may be sized to individual specifications. Sizes 
for the shapes used may include substantially spherical 
balls of about 1/8 to 2-inch diameters; raschig rings with 

25 inside diameters of about 1/8 to 1 inch and outside di- 
ameters of about 1/4 to 1 14 inches, and heights of about 
1/4 to 2 inches; saddle shapes with radii of about 1/4 to 
2 inches; hollow cylinders having inside diameters of 
about 1 /8 to 1 1 /4 inches, outside diameters of about 1 /4 

30 to 2 inches, and heights of about 1/4 to 3 inches; and 
solid cylinders having diameters of about 1/8 to 1 inch 
and heights of about 1 1 A to 2 inches. Custom-made one- 
piece disks or single sheet construction may be custom- 
fit to the physical configuration of a reactor. A further 

35 feature of this aspect of the present invention is that the 
reticulated ceramic material may be formed in either a 
disk or single sheet, each optionally having perforations. 
An additional feature of the present invention is that the 
reticulated ceramic material when constructed may be 

40 formed into a plurality of segments in order to form an 
assembled sheet or disk that is custom-fit to the reac- 
tor's physical configuration. Porosities of the reticulated 
ceramic material may range from 10 to 800 pores per 
linear inch ("ppi"). Preferably the pore distribution may 

45 range from about 1 0 to 80 ppi. More preferably, the pore 
distribution may range from about 20 to 60 ppi. This en- 
ables customization of the size and shape of the reticu- 
lated ceramic material for the application, particulate 
loading and pressure drop constraints. 

so [0012] In accordance with another aspect of the 
present invention, entrance losses may be reduced for 
vapor feed streams to chemical reactors, preferably flu- 
idized bed reactors. This advantage of the present in- 
vention may be achieved by reducing the turbulence in 

55 the vapor and air inlets to the reactors. This aspect of 
the present invention may include the steps of: providing 
a layer of reticulated ceramic material in a vapor inlet to 
the chemical reactor, the reticulated ceramic material 
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having a plurality of web members defining a plurality of 
flow passageways through the reticulated ceramic ma- 
terial; passing a vapor feed stream through the vapor 
inlet to the chemical reactor with the reticulated ceramic 
material; subdividing the feed stream into a plurality of 5 
smaller fluid streams by passing the feed stream 
through the plurality of flow passageways defined by the 
web members of the reticulated ceramic material; and 
discharging the streamlined vapor feed stream into the 
chemical reactor. The method of the present invention 10 
for distributing turbulent air or vapor flows to a reactor 
inlet has the advantages of reducing maldistribution and 
entrance losses, thus allowing for reduced compressor 
horsepower usage or allowing for larger flow rates, de- 
pending on the process constraints of the compressor »5 
and associated piping. 

[0013] In accordance with another aspect of the 
present invention, the step of contacting the contami- 
nated organic-based feed stream with the reticulated 
ceramic material may include depositing a catalyst on 20 
the reticulated ceramic material prior to contacting the 
contaminated organic-based feed stream. Another fea- 
ture of this aspect of the present invention may include 
the use of a reticulated ceramic material as a substrate 
having a substantially uniform coating of a selected cat- 25 
alyst including a porous alumina coating with a Group 
Vl-B metal or a Group VIII metal, or both. Preferably, the 
Group Vl-B metal is molybdenum and preferably, the 
Group VIII metal is either nickel or cobalt. More prefer- 
ably, the Group Vl-B metal and Group VIII metal are im- 30 
pregnated into the reticulated ceramic material. The 
method of the present invention is useful to extend the 
run life of the catalyst bed. The catalytically active retic- 
ulated ceramic material may be utilized to react diolefins 
or other polymer precursors and also to act as a filter 35 
and distributor. By filtering solids and partially reacting 
any polymer precursors, e.g., diolefins, fouling of the 
bed is reduced, effectively extending the run time of the 
reactor. 

[0014] In accordance with another aspect of the "o 
present invention, the filtration method may include the 
step of retaining the solid particulate catalyst or sedi- 
ments that form in a chemical reactor in order to reduce 
catalyst losses and fouling or plugging of downstream 
equipment. This aspect of the present invention may in- ts 
elude the steps of: providing a layer of reticulated ce- 
ramic material; contacting an organic-based feed 
stream containing the catalyst material with the reticu- 
lated ceramic material; removing the catalyst material 
from the organic-based feed stream; and providing a rel- 50 
atively catalyst-free organic-based stream for further 
processing. 

[0015] The method of the present invention for filter- 
ing organic-based feed streams in chemical reactors, 
when compared with prior art methods, has the advan- 55 
tages of: reducing the volume of inert materials required; 
lowering capital costs; improving the filtration of the solid 
particular matter from the feed streams; decreasing the 
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pressure drop across the system; increasing run time of 
the reactor; lowering operating costs; increasing proc- 
ess safety; and reducing environmental concerns. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] In the drawings: 

FIG. 1 is partial a cross-sectional side view of a sin- 
gle fixed bed chemical reactor showing a specific 
embodiment of the present invention; 

FIG. 2 is a partial cross-sectional side view of a mul- 
tiple fixed bed chemical reactor showing another 
embodiment of the present invention; 

FIG. 3 is a partial cross-sectional side view of a 
combustor-style regenerator fluidized bed reactor; 

FIG. 4 is a partial cross-sectional side view of a two- 
stage regenerator fluidized bed reactor; 

FIG. 5 is a partial cross-sectional side view of a ra- 
dial flow reactor showing another embodiment of 
the present invention; 

FIG. 6 is a perspective view of a perforated disk 
made of reticulated ceramic material in accordance 
with the present invention; 

FIG. 7 is a perspective view of a saddle made of 
reticulated ceramic material in accordance with the 
present invention; 

FIG. 8 is a perspective view of a hollow cylinder 
made of reticulated ceramic material in accordance 
with the present invention; 

FIG. 9 is a perspective view of an example of a one- 
piece sheet made of reticulated ceramic material in 
accordance with the present invention; 

FIG. 10 is a perspective view of an assembled disk 
made of reticulated ceramic material in accordance 
with the present invention; 

FIG. 11 is a perspective view of balls made of retic- 
ulated ceramic material in accordance with the 
present invention; 

FIG. 12 is a perspective view of a solid cylinder 
made of reticulated ceramic material in accordance 
with the present invention; and 

FIG. 13 is a perspective view of a hollow cylinder 
made of reticulated ceramic material in accordance 
with the present invention. 
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[0017] While the invention will be described in con- 
nection with the preferred embodiment, it will be under- 
stood that it is not intended to limit the invention to that 
embodiment. On the contrary, it is intended to cover all 
alternatives, modifications, and equivalents, as may be 
included within the spirit and the scope of the invention 
as defined by the appended claims. 

DETAILED DESCRIPTION AND SPECIFIC 
EMBODIMENTS 

[0018] With reference to FIG. 1, for treatment of an 
organic-based feed stream a single fixed bed chemical 
reactor 22 with reticulated ceramic material 15 in the 
shape of substantially spherical balls 122 (FIG. 11) will 
be described, although as previously discussed other 
shapes of the reticulated ceramic material 15 may be 
used. If the reactor 22 is of a downflow configuration, 
the contaminated organic-based feed stream 20 will en- 
ter the reactor 22 at the inlet 24. The invention may be 
used in either fixed beds or fluidized bed chemical re- 
actors. Preferably, the present invention is used in one 
or more fixed beds, in either an upflow or downflow or 
radial flow configuration. Preferably, the chemical reac- 
tors include hydrotreater, hydrorefiner, hydrocracker, re- 
former, alkylation, isomerization and polymerization re- 
actors. Contaminants typically found in the feed stream 
include dirt, iron oxide, iron sulfide, asphaltenes, coke 
fines, catalyst fines, sediments or other entrained for- 
eign particulate material. A layer 26, preferably layers 
26, 28, of reticulated ceramic material 15 is provided in 
the vessel in an amount sufficient to filter the contami- 
nants from the organic-based feed stream 20. Prefera- 
bly, multiple layers 26, 28 may be provided wherein the 
size of the articles of reticulated ceramic material 15 
such as balls 1 22 is graduated from a larger size in layer 
26 to a smaller size in layer 28 as the incoming organic- 
based feed stream flows through the reticulated ceramic 
material 15. The reticulated ceramic material may be 
made from any commercially available materials, for ex- 
ample, ZTA. The ZTA may have a product composition 
of Zr0 2 /Al 2 0 3 and is available from SELEE Corporation 
headquartered in Hendersonville, North Carolina. The 
graduated sizing of the reticulated ceramic material 15 
from large sizes to small sizes lessens the pressure drop 
through the reactor attributable to filtering of the sus- 
pended solids. Optionally, the pore size of the reticulat- 
ed ceramic material may also be graduated from large 
pores (low ppi) to small pores (high ppi) to lessen the 
pressure drop through the reactor attributable to filtering 
of the suspended solids. Optionally, the present inven- 
tion may be practiced with or without conventional bas- 
ket screens 30. 

[0019] Still with reference to FIG. 1, unless otherwise 
noted, in addition to filtering the contaminated organic- 
based feed stream 20, the reticulated ceramic material 
15 may also enable a uniform distribution and flow of 
the incoming organic-based feed stream 20 to the cat- 



alyst bed 32. By passing the organic-based feed stream 
through a plurality of flow passageways 120 (FIG. 9) de- 
fined by web members 123 (FIG. 9) of the reticulated 
ceramic material 15 in layers 26, 28, the incoming or- 

s ganic-based feed stream 20 may also be distributed by 
subdividing the incoming organic-based feed into a plu- 
rality of smaller fluid streams and then resubdividing, a 
plurality of times, the smaller streams so that the incom- 
ing organic-based feed stream is spread uniformly 

'0 across the fluid entry cross-section 34 of the catalyst 
bed 32. The organic-based feed stream 20 is reacted in 
the catalyst bed 32. Preferably the catalyst bed 32 con- 
tains discrete solid catalyst particles 36. 
[0020] The reticulated ceramic material 15 may be 

'5 used to filter and retain catalyst 36 from the outgoing 
reacted organic-based stream 38. Small particles of the 
catalyst material 36 which may be entrained in the re- 
acted organic-based stream may be filtered, or cap- 
tured, from the reacted organic-based stream 38 and 

20 retained by reticulated ceramic material layers 40, 42. 
Preferably, the size of the reticulated ceramic material 
in layers 40, 42 is graduated from a smaller size in layer 
40 to a larger size in layer 42 at the outlet 44 of the re- 
actor 22 to effectively retain the catalyst 36. In addition, 

25 sediments of material may form in the reactor bed, e.g., 
sediments formed by excessive hydrocracking of resid- 
ual oils, that may plug or foul downstream equipment. 
These sediments may be filtered from the outgoing re- 
acted organic-based stream 38 by the reticulated ce- 

30 ramie material 15. Preferably, the size of the reticulated 
ceramic material in layers 40, 42 is graduated from a 
smaller size in layer 40 to a larger size in layer 42 at the 
outlet 44 of the reactor 22 to effectively retain the cata- 
lyst 36, while the pore size of the reticulated ceramic 

35 material is inversely graduated, preferably about 10 
to30 ppi to filter the sediments. More preferably, the pore 
size range is about 40 to 80 ppi. Alternately, the inven- 
tion may also be used in an upflow reactor configuration 
wherein the contaminated organic-based feed 74 would 

"0 instead enter the vessel at the outlet 44 at the lower end 
39 and the reacted organic-based stream 25 would exit 
the reactor at the inlet 24 at the upper end 47 of reactor 
22. 

[0021 ] As previously discussed, another advantage of 
is the present invention is to react partially activated or ac- 
tivated reticulated ceramic material 1 5 with polymer pre- 
cursors in a contaminated organic-based feed stream 
20. Condensation polymerization of diolefins may occur 
in the reactor bed 32 after the contaminated organic- 
so based feed stream 20 is heated, generally prior to intro- 
duction into the chemical reactor 22, thereby forming 
foulants in the reactor bed 32 itself which may gum or 
plug the bed 32. As the foulants form in the bed, they 
cannot be filtered from the contaminated organic-based 
55 feed stream 20 before flowing across the fluid entry 
cross-section 34. Therefore, the layer or layers 26, 28, 
40, 42 of reticulated ceramic material 1 5 may be coated 
with an alumina powder which may also act as a sub- 
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strate for catalyst materials to form partially activated 
reticulated ceramic material. As used herein, an "acti- 
vated support" means a reticulated ceramic material 
which has been impregnated with catalyst materials, or 
a reticulated ceramic material which may be an oxide, 
nitride, or carbide of a metal or a reticulated ceramic ma- 
terial which contains zeolite or inorganic oxides, e.g., 
alumina, silica, silica-alumina, magnesia, silica-magne- 
sia or titania. As used herein, a "partially activated sup- 
port" means an activated support material which has 
been purposefully made less active or partially deacti- 
vated in order to achieve a slower reaction rate or to 
partially react the materials contacted. 
[0022] Coated reticulated ceramic material 1 5 may al- 
so be used, wherein the coating may comprise one of 
several conventional catalysts. Alumina may be used as 
an active coating, optionally but preferably, alumina may 
be used as a support. The catalyst according to this in- 
vention preferably comprises a metal of Group Vl-B or 
a member of Group VIII, or both, impregnated into an 
alumina-based support. Accordingly, the catalyst may 
comprise at least one of chromium, molybdenum and 
tungsten in combination with at least one of iron, nickel, 
cobalt, platinum, palladium and iridium. Of the Group 
Vl-B metals, molybdenum is most preferred. The cata- 
lyst preferably will contain from about 2% to about 14% 
by weight of Group Vl-B metal. Of the Group VIII metals, 
nickel and cobalt are most preferred. The amount of 
Group VIII metal in the catalyst is preferably from about 
0.5% to about 10% by weight. 
[0023] With reference to FIG. 2, a multiple fixed bed 
chemical reactor 46 having two fixed catalyst beds 48, 
50 with reticulated ceramic material 15 in the shape of 
saddles 126 (FIG. 7) will be described. The reactor 46 
is illustrated in a downflow configuration, wherein the 
contaminated organic-based feed stream 51 will enter 
the reactor 46 at the inlet 52 and the reacted organic- 
based stream 54 will exit the reactor at the outlets 56, 
61 . A partially reacted organic-based stream 58 may be 
accumulated at the outlet 61 of the first fixed bed 48 and 
withdrawn at the collector tray 60. The partially reacted 
organic-based stream 58 may be heated or quenched 
or otherwise treated before reintroduction into the reac- 
tor 46 as a partially reacted organic-based feed stream 
62 at the mixing chamber 64. The partially reacted or- 
ganic-based stream 58 may be removed for redistribu- 
tion, heating, or other processing steps as required be- 
fore reintroducing the partially reacted organic-based 
feed stream 62 into the reactor 46 for reaction with a 
succeeding catalyst bed 50. An additional layer 70 of 
reticulated ceramic material 1 5 may be provided for fil- 
tration and distribution to remove any contaminants en- 
trained from or formed by the processing equipment 
used in the additional processing steps such as dirt, iron 
oxide, iron sulfide, asphaltenes, coke fines, catalyst 
fines, sediments, or other entrained foreign particulate 
material. 

[0024] Layers 66, 68, 70 of reticulated ceramic mate- 



rial 15 are provided in the reactor 46 below the inlet 52 
and mixing chamber 64 in an amount sufficient to filter 
the organic-based feed stream 51 and the partially re- 
acted organic-based feed stream 62. Preferably, the 

5 multiple layers 66, 68, 70 are provided such that the size 
of the reticulated ceramic material 1 5 is graduated from 
a larger size in layer 66 to a smaller size in layer 68 as 
the incoming contaminated organic-based feed flows 
through the reticulated ceramic material 15. Optionally, 

10 the present invention may be practiced with or without 
conventional basket screens 72. Preferably, the fixed 
catalyst beds 48, 50 contain discrete solid catalyst par- 
ticles 36. 

[0025] As previously discussed, an advantage of the 

15 present invention is that it may also be used to distribute 
the organic-based feed stream. The organic-based feed 
stream 51 may also be distributed while being filtered 
by subdividing the incoming organic-based feed into a 
plurality of smaller fluid streams by passing the organic- 

20 based feed stream through a plurality of flow passage- 
ways 120 (FIG. 9) defined by the web members 123 
(FIG. 9) of the reticulated ceramic material 15; then re- 
subdividing, a plurality of times, the smaller streams so 
that the incoming organic-based feed stream is spread 

25 uniformly across the fluid entry cross-section of the cat- 
alyst bed 76. The organic-based feed 51 is then reacted 
in the catalyst bed 48, before being withdrawn as a par- 
tially reacted organic-based stream 58 at the collector 
tray 60. The method of filtration and distribution is then 

30 repeated for the partially reacted organic-based feed 
stream 62 as it flows into the mixing chamber 64 and 
passes through the reticulated ceramic material layer 
70. 

[0026] Another feature of the present invention is that 

35 the reticulated ceramic material 1 5 may also be used to 
capture and retain catalyst particles 36 from the outflow- 
ing partially reacted organic-based stream 58 and the 
reacted organic-based stream 54. The small reticulated 
ceramic material saddles 1 26 in layers 78, 80 at the out- 

40 let 61 of the first fixed bed 48 and the small saddles 1 26 
in layers 82, 84 at the outlet 56 of the second fixed bed 
50 are used to filter and retain catalyst particles 36 which 
may be entrained in the partially reacted organic-based 
stream 58 or reacted organic-based stream 54. As dis- 

45 cussed with reference to FIG. 1 , for capturing and re- 
taining catalyst 36 from a partially reacted or a reacted 
outflowing organic-based stream in either a single or a 
multiple fixed bed chemical reactor, the reticulated ce- 
ramic material 15 is preferably graduated from small to 

50 larger sizes as shown in FIG. 2 for layers 78, 80 and 82, 
84, respectively for each bed 48, 50. Optionally, the pore 
size of the reticulated ceramic material may also be 
graduated from small pores to large pores. Alternatively, 
the pore size of the reticulated ceramic material may be 

55 inversely graduated from large pores to small pores to 
filter sediments that may form in the catalyst bed. 
[0027] A further advantage of the present invention is 
that the reticulated ceramic material 15 may be activat- 
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ed or impregnated with catalyst to react with polymer 
precursors in organic-based feed streams 51 , 62. As de- 
picted in FIG. 2, layers 66, 68, 70 of reticulated ceramic 
material 15 may contain an activated support including 
inorganic oxides preferably selected from the group 
consisting of alumina, silica, silica-alumina, magnesia, 
silica-magnesia or titania or zeolites preferably selected 
from the group consisting of zeolite L, zeolite X, and ze- 
olite Y, which may be added to the reticulated ceramic 
material as a substrate for catalyst materials. Optionally, 
the reticulated ceramic material may be impregnated 
with catalyst materials or the reticulated ceramic mate- 
rial may be an oxide, nitride, carbide or boride of a metal 
as disclosed in U.S. Patent No. 5,399,535, which is 
hereby incorporated by reference to the extent it is not 
inconsistent with the present invention. 
[0028] Activated or partially activated reticulated ce- 
ramic material as described above may be used to con- 
trol the hydrogenation rate of the diolefins or other pol- 
ymer precursors to prevent fouling or gum formation. 
When endothermic reactions require the addition of heat 
to the partially reacted organic-based stream 58, pref- 
erably the reticulated ceramic material 15 of layer 70 is 
also activated or partially activated. The invention may 
also be practiced with coated reticulated ceramic mate- 
rial, wherein the coating may comprise one of several 
conventional catalysts. Alumina may be used on an ac- 
tive coating or support. The catalyst according to this 
invention preferably comprises a metal of Group Vl-B or 
a member of Group VIII, or both, impregnated into the 
reticulated ceramic material, inorganic oxide or zeolite. 
Accordingly, the catalyst may comprise at least one of 
chromium, molybdenum and tungsten in combination 
with at least one of iron, nickel, cobalt, platinum, palla- 
dium and iridium. Of the Group Vl-B metals, molybde- 
num is most preferred. The catalyst preferably will con- 
tain from about 2% to about 14% by weight of Group 
Vl-B metal. Of the Group VIII metals, nickel and cobalt 
are most preferred. The amount of Group VIII metal in 
the catalyst is preferably from about 0.5% to about 10% 
by weight. 

[0029] FIG. 3 illustrates a conventional combustor- 
style fluidized bed reactor 88, 90. Layers 86, 91 of re- 
ticulated ceramic material 15 may be used in fluidized 
bed chemical reactors 90 and in a combustor, or regen- 
erator 88, to reduce entrance losses and maldistribution 
of the vapor or air flows. The inlet air 93 to the combustor 
or regenerator 88 is flowed through the reticulated ce- 
ramic material layer 86 to subdivide the stream into a 
plurality of smaller flowing streams. The reticulated ce- 
ramic material 1 5 may be a single circular disk 1 24 (FIG. 
6) without the illustrated perforation 1 25; however it may 
be an oval or square sheet 1 21 (FIG. 9), or any geomet- 
ric configuration desired including an assembled disk 
134 (FIG. 10). Optionally, multiple disks 86, 91 (FIG. 3) 
may be used. Also, the disk 124 (FIG. 6) or sheet 121 
(FIG. 9) may optionally contain perforations. The subdi- 
vision of the vapor or air flows may reduce the turbu- 
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lence of the incoming vapor or air streams, thus reduc- 
ing the compressor horsepower usage or allowing for 
an increase in flow rate, depending on the process con- 
straints of the particular combustor-style fluidized bed 

5 reactor (FIG. 3). A further advantage of the present in- 
vention is that the subdivided vapor or air flows may 
more uniformly distribute the vapor or air 93 throughout 
the combustor or regenerator 88. In addition, another 
layer 91 of reticulated ceramic material 1 5 may be used 

10 to uniformly distribute any fluffing vapors 95 used in the 
fluidized bed reactor 90. 

[0030] Alternatively, in FIG. 4 which depicts a conven- 
tional two-stage regenerator fluidized bed reactor 97, 
layers 98, 1 1 2 of the reticulated ceramic material 1 5 may 

15 be used similarly as discussed in FIG. 3 for a single- 
stage combustor or regenerator. The turbulent inlet air 
102 to the combustor or regenerator first stage 108 is 
flowed through the layer 98 of reticulated ceramic ma- 
terial 15 to subdivide the stream, preferably into a plu- 

20 rality of smaller flowing streams. Preferably, the reticu- 
lated ceramic material 15 is a single circular disk 124 
(FIG. 6) without the perforations 1 25; however it may be 
an oval or square sheet 121 (FIG. 9), or any geometric 
configuration desired including an assembled disk 134 

25 (FIG. 1 0). Optionally, multiple disks 98,112 (FIG. 4) may 
be used. Also, the disk 124 (FIG. 6) or sheet 121 (FIG. 
9) may optionally contain perforations. Similarly, for the 
second-stage 110, the turbulent inlet air 106 may be 
flowed through the layer 1 00 of reticulated ceramic ma- 

30 terial 1 5 to subdivide the stream into a plurality of smaller 
flowing streams. The subdivision of the vapor or air flows 
may reduce the turbulence of the incoming vapor or air 
streams, thus reducing the compressor horsepower us- 
age or allowing for an increase in flow rate, depending 

35 on the process constraints of the two-stage regenerator 
1 04 or fluidized bed reactor 1 1 6. A further advantage of 
the present invention is that the subdivided vapor or air 
flows may more uniformly distribute the vapor or air 
throughout the combustor or regenerator chambers 

io 108, 110. In addition, another layer 112 of reticulated 
ceramic material 15 may be used to uniformly distribute 
any fluffing vapors 114 used in the fluidized bed reactor 
116. 

[0031 ] With reference to FIG. 5, for treatment of a con- 
15 taminated organic-based feed in vapor form, a radial 
flow fixed bed chemical reactor 94 with reticulated ce- 
ramic material 1 5 in the shape of substantially spherical 
balls 122 (FIG. 11) is illustrated, although as previously 
discussed, other shapes may be used. The contaminat- 
50 ed organic-based feed in vapor form 92 will enter the 
radial flow reactor 94 at the inlet 96. A layer 98 of retic- 
ulated ceramic material 15, more preferably layers 98, 
100 of reticulated ceramic material 15, is provided in the 
vessel between the deflection baffle 1 01 and the scallop 
55 103. The layers of 98, 1 00 reticulated ceramic material 
15 aid in filtering contaminants such as entrained dirt, 
iron oxide, iron sulfide, asphaltenes, coke fines, catalyst 
fines, sediments, or other foreign particulate material 
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entrained in the contaminated organic-based vapor feed 
92 before reaction in the fixed catalyst bed 107 and dis- 
charge through the center pipe 109 as the reacted or- 
ganic stream 111 . Also as previously discussed, an ad- 
vantage of the present invention is that the reticulated 
ceramic material 15 may be used to capture and retain 
catalyst from outlet streams, shown here in the unload- 
ing tubes 105. 

[0032] FIG. 6 illustrates a specific embodiment of the 
present invention as a reticulated ceramic material disk 
124. Optionally, the disks may have perforations 125. 
Preferably, multiple perforations are used to accommo- 
date screen baskets which may optionally be filled with 
reticulated ceramic material. Other shapes may include 
saddles 1 26 (FIG. 7), hollow cylinders 1 28 (FIG. 8), sin- 
gle sheets 121 of reticulated ceramic material 15 (FIG. 
9), disks 134 formed from a plurality of segments 134 
a-g (FIG. 1 0), substantially spherical balls 122 (FIG. 11), 
solid cylinders 132 (FIG. 12), and raschig rings 130 
(FIG. 13). Each shape may be sized to individual spec- 
ifications. Sizes for the shapes used may include sub- 
stantially spherical balls of about 1/8 to 2 inch diameters; 
raschig rings with inside diameters of about 1/8 to 1 inch 
and outside diameters of about 1/4 to 1 1/2 inches and 
heights of about 1 1 A to 2 inches; saddle shapes with radii 
of about 1/4 to 2 inches; hollow cylinders having inside 
diameters of about 1/8 to 1 1/4 inches, outside diame- 
ters of about 1/4 to 2 inches, and heights of about 1/4 
to 3 inches; and solid cylinders having diameters of 
about 1/8 to 1 inch and heights of about 1/4 to 2 inches. 
Custom-made one-piece disks 1 24 or single sheet 1 21 
construction may be custom-fit to the physical configu- 
ration of a reactor. A further feature of this aspect of the 
present invention is that the reticulated ceramic material 
15 may be formed in either a disk 124 or single sheet 
121 having perforations 1 25. An additional feature of the 
present invention is that the reticulated ceramic material 
when constructed may be formed into a plurality of seg- 
ments in order to form an assembled sheet or disk that 
is custom-fit to the reactor's physical configuration. Po- 
rosities of the reticulated ceramic material may range 
from 1 0 to 800 ppi. Preferably, the pore distribution may 
range from about 1 0 to 80 ppi. More preferably, the pore 
distribution may range from about 20 to 60 ppi. This en- 
ables customization of the size and shape of the reticu- 
lated ceramic material 15 for the application, size, par- 
ticulate loading and pressure drop constraints. The ce- 
ramic material surrounding the pores, or openings, of 
the reticulated ceramic material is from the web mem- 
bers 123 (FIG. 9) which in turn define the flow passage- 
ways 120 (FIG. 9). 

[0033] It is to be understood that the invention is not 
to be limited to the exact details of construction, opera- 
tion, exact materials, or embodiments shown and de- 
scribed, as obvious modifications and equivalents will 
be apparent to one skilled in the art. For example, spe- 
cial liquid distributors or conventional liquid distributors 
could be used to facilitate the spreading of the liquid 
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across the catalyst bed; however, the reticulated ceram- 
ic material could be used only for particulate removal. 
Accordingly, the invention is therefore to be limited only 
by the scope of the appended claims. 



Claims 

1. A method of fluid distribution in a chemical reactor 
10 comprising the steps of: 

(a) providing a layer of reticulated ceramic ma- 
terial in the chemical reactor, the reticulated ce- 
ramic material having a plurality of web mem- 

'5 bers defining a plurality of flow passageways 

through the reticulated ceramic material; 

(b) contacting an organic-based liquid, organic- 
based vapour, or organic-based combination 
liquid and vapour feed stream with the layer of 

20 reticulated ceramic material; 

(c) subdividing the organic-based liquid, organ- 
ic-based vapour, or organic-based combination 
liquid and vapour feed stream into a plurality of 
smaller fluid steams by passing the organic- 

25 based liquid, organic-based vapour, or organic- 

based combination liquid and vapour feed 
stream through the plurality of flow passage- 
ways defined by the web members of the retic- 
ulated ceramic material. 

2. The method of claim 1 , including the steps of: 

removing contaminants from a contaminated 
organic-based feed stream; and 
35 providing a resultant decontaminated and uni- 

formly spread organic-based feed stream to a 
catalyst bed for further processing in the chem- 
ical reactor. 

40 3. The method of claim 2, wherein the contaminants 
comprise catalyst material from a fixed catalyst bed. 

4. The method of claim 2, wherein the contaminants 
comprise sediments formed in a fixed catalyst bed. 

45 

5. The method of claim 1 , wherein the fluid is the va- 
pour feed stream flowing through a vapour inlet of 
the chemical reactor and the fluid distribution 
serves to streamline turbulent flow of the vapour pri- 

50 or to discharging the streamlined vapour feed 
stream into the chemical reactor. 

6. The method of claim 5, wherein the vapour feed 
stream is air. 

55 

7. The method of claim 5, wherein the chemical reac- 
tor comprises a fluidised catalyst bed. 
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8. The method of claim 2, wherein the removal of con- 
taminants from the contaminated organic-based 
feed stream includes the step of contacting the con- 
taminated organic-based feed stream with the re- 
ticulated ceramic material to remove the contami- 
nants from the contaminated organic-based feed 
steam. 

9. The method of claim 8, wherein the step of contact- 
ing the contaminated organic-based feed stream 
with the reticulated ceramic material includes de- 
positing a catalyst on the reticulated ceramic mate- 
rial prior to contacting the contaminated organic- 
based feed stream. 

10. The method of any one of the preceding claims, 
wherein the reticulated ceramic material has a pore 
distribution range of about 1 0 to 800 pores per linear 
25.4 mm (per linear inch). 

1 1 . The method of claim 1 0, wherein the reticulated ce- 
ramic material has a pore distribution range of about 
1 0 to 80 pores per linear 25.4 mm (per linear inch). 

12. The method of claim 1 0, wherein the reticulated ce- 
ramic material has a pore distribution range of ap- 
proximately 20 to 60 pores per linear 25.4 mm (per 
linear inch). 

13. The method of claim 1, wherein the reticulated ce- 
ramic material is a plurality of substantially spherical 
shaped balls, each ball having a diameter range of 
about 3.2 to 50.8 mm {Ve to 2 inches). 

14. The method of claim 1, wherein the reticulated ce- 
ramic material is a plurality of raschig rings, each 
raschig ring having an inside diameter of about 3.2 
to 25.4 mm ( 1 /s to 1 inch) and an outside diameter 
of about 6.4 to 38.1 mm (M to Vk inches) and a 
height of about 6.4 to 50.8 mm (Vi to 2 inches). 

15. The method of claim 1, wherein the reticulated ce- 
ramic material is formed into a plurality of saddle 
shaped pieces, each piece having a radius of about 
6.4 to 50.8 mm (T& to 2 inches). 

16. The method of claim 1 , wherein the reticulated ce- 
ramic material is formed into a single sheet. 

17. The method of claim 1 6, wherein the reticulated ce- 
ramic material is formed having perforations. 

18. The method of claim 1 , wherein the reticulated ce- 
ramic material is formed into a single disk. 

1 9. The method of claim 1 8, wherein the reticulated ce- 
ramic material is formed having perforations. 
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20. The method of claim 1, wherein the reticulated ce- 
ramic material is formed into a plurality of segments 
forming an assembled sheet when constructed, 
which is custom-fit to the reactor's physical config- 

s u ration. 

21. The method of claim 1 , wherein the reticulated ce- 
ramic material is formed into a plurality of segments 
forming an assembled disk that, when constructed, 

10 is custom-fit to the reactor's physical configuration. 

22. The method of claim 1, wherein the reticulated ce- 
ramic material is formed into a plurality of hollow cyl- 
inders, each hollow cylinder having an inside diam- 

>s eter of about 3.2 to 31 .7 mm (% to VA inches) and 
an outside diameter of about 6.4 to 50.8 mm (IA to 
2 inches) and a height of about 6.4 to 76.2 mm ('A 
to 3 inches). 

20 23. The method of claim 1 , wherein the reticulated ce- 
ramic material is formed into a plurality of solid cyl- 
inders, each solid cylinder having a diameter of 
about 3.2 to 25.4 mm ( 1 /s to 1 inch) and a height of 
about 6.4 to 50.8 (14 to 2 inches). 

25 

24. The method of claim 1 , wherein the chemical reac- 
tor is a hydrotreater. 

25. The method of claim 1 , wherein the chemical reac- 
30 tor is a hydrorefiner. 

26. The method of claim 1 , wherein the chemical reac- 
tor is a hydrocracker reactor. 

35 27. The method of claim 1 , wherein the chemical reac- 
tor is a reformer reactor. 

28. The method of claim 1 , wherein the chemical reac- 
tor is an alkylation reactor. 

29. The method of claim 1 , wherein the chemical reac- 
tor is an isomerization reactor. 

30. The method of claim 1 , wherein the chemical reac- 
ts tor is a polymerisation reactor. 

31. The method of claim 1 , wherein the chemical reac- 
tor is a fluidised bed reactor. 

50 32. The method of claim 1 , wherein the reticulated ce- 
ramic material comprises a substrate of reticulated 
ceramic material having a substantially uniform 
coating of a selected catalyst including a porous 
alumina coating with one Group Vl-B metal. 

55 

33. The method of claim 32, wherein the Group Vl-B 
metal is molybdenum. 
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34. The method of claim 1, wherein the reticulated ce- 
ramic material comprises a substrate of reticulated 
ceramic material having a substantially uniform 
coating of a selected catalyst including a porous 
alumina coating with one Group VIII metal. $ 

35. The method of claim 34, wherein a Group VIII metal 
is nickel or cobalt. 

36. The method of claim 1 , wherein a Group Vl-B metal w 
is impregnated into the reticulated ceramic material. 

37. The method of claim 1 , wherein a Group VIII metal 
is impregnated into the reticulated ceramic material. 

38. The method of claim 1, wherein the reticulated ce- 
ramic material comprises a porous inorganic oxide 
selected from the group consisting of alumina, sili- 
ca, silica-alumina, magnesia, silica-magnesia and 
titania. 

39. The method of claim 1 , wherein the reticulated ce- 
ramic material comprises a metal oxide selected 
from the group consisting of titanium, tin, lead, zir- 
conium, ruthenium, tungsten, yttrium, nickel, mag- 25 
nesium, calcium, aluminum, silicon or boron. 

40. The method of claim 1, wherein the reticulated ce- 
ramic material comprises a metal nitride selected 
from the group consisting of titanium, zirconium, 30 
tungsten, silicon or boron. 

41. The method of claim 1, wherein the reticulated ce- 
ramic material comprises a metal carbide selected 
from the group consisting of titanium, zirconium, 35 
tungsten, silicon or boron. 

42. The method of claim 1, wherein the reticulated ce- 
ramic material comprises a metal boride selected 
from the group consisting of titanium, zirconium or *o 
tungsten. 

43. The method of claim 1 , wherein the reticulated ce- 
ramic material comprises a zeolite selected from 
the group consisting of zeolite L, zeolite X and ze- « 
olite Y. 
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